A new chiral SU(3) Lagrangian is proposed to describe the properties of kaons and antikaons in the nuclear medium, the ground state of dense matter and the kaon-nuclear interactions consistently. The saturation properties of nuclear matter are reproduced as well as the results of the DiracBrückner theory. After taking into account the coupling between the omega meson and the kaon, we obtain similar results for the effective kaon and antikaon energies as calculated in the one-boson-exchange model while in our model the parameters of the kaon-nuclear interactions are constrained by the SU(3) chiral symmetry.
The properties of kaons/antikaons in nuclear and neutron matter have attracted considerable interest since the pioneering work of Kaplan and Nelson [1] , who first proposed the occurrence of kaon condensation at several times normal nuclear density. Considerable theoretical effort has been devoted to investigate such medium effects on kaons and antikaons in dense matter [2] [3] [4] [5] [6] [7] [8] [9] . Recent data by the Kaos collaboration [10] on K + and K − production in relativistic heavy-ion collisions, which seems to exhibit a substantial enhancement of the K − yield, stimulated further activity [11] . Among the various models proposed, the chiral SU(3) Lagrangian seems to be particularly useful, since the kaon is essentially a pseudo-Goldstone boson. The effective Lagrangian of chiral perturbation theory used in Refs. [1, 3] reads
Here the iso-spin dependent terms have been dropped since the problem will be discussed in symmetric nuclear matter. The second term of the above equation stems from the explicit breaking of chiral symmetry. Usually, only the linear order of current-quark mass is taken into account, which leads to f K = f π = 93 MeV [12] ; therefore, in the following MeV, have been proposed, in accordance with the Bonn model [2] and with lattice gauge calculations [13] , respectively. The kaon and antikaon effective-masses and -energies in static nuclear matter can be easily derived from Eq. (1)
The minus sign in Eq. (3) corresponds to the antikaon energy. ρ S and ρ B are the scalar and the vector (net) baryon density, respectively. Since chiral perturbation theory has no direct relation to the ground state properties of the dense matter, one usually uses [5] the ρ S and ρ B vacuous as calculated by the relativistic mean-field theory of Walecka model [14] , i.e., a non-chiral Lagrangian, or simply set ρ S = ρ B [1] , in order to evaluate Eqs. (2) and (3) . Therefore, the self-consistency of the theory is lost.
A different approach, based on the chiral SU(3) Lagrangian, is the coupled channel model [8, 9] . By including the Λ(1405) as a K − p quasi-bound state, the model gives a strong, non-linear density dependence of the K − potential, which changes sign from positive to negative values at low density (around 0.1ρ 0 , where ρ 0 is the ground-state nuclear matter density). This trick allows for an attractive potential of antikaons without violating the low density theorems. Once the density exceeds 0.2ρ 0 , the repulsive effect of the Λ(1405) is neglected -it is predicted that the Λ(1405) melts in the dense medium, in analogy to a Mott phase transition (for an alternative analysis see, however, Ref. [15] ).
However, this model does not take into account the saturation properties of the system.
Both pion, nucleon and hyperon masses are kept constant in these calculations, at different densities. Up to now, a consistent calculation based on a chiral Lagrangian, which can simultaneously describe both the kaon-nuclear interactions and the ground state of the dense matter, has not been performed yet.
This is the aim of the present work. It addresses these problems in a novel chiral SU(3)-symmetric Lagrangian [16] . In addition to the ground-state saturation properties of nuclear matter, the whole density dependence of the mean fields as predicted by the Dirac-Brückner theory [17] are considered as a further constraint to the model. This will turn out to be rather important for the investigation of the kaon and antikaon properties at higher densities. The chiral SU(3) Lagrangian reads
Here L kin is the kinetic energy term, L BW gives the various interaction terms of the different baryons with 4 lowest (spin-0 and spin-1) meson-multiples and with the photons. that the baryon masses are generated by the scalar condensates while their splitting is realized through SU(3) symmetry breaking for these condensates. The model is described in [16] . Considering SU(3) generators up to quadratic order, the Lagrangian for nuclear matter reads
and the kaon interaction is described by
Here σ, ω are the scalar and vector field and ζ, χ are the strange scalar field and the gluon field, respectively;
ζ). The omega-kaon coupling is introduced through considering the vector field as a gauge field. The vacuum condensates of the scalar fields σ 0 and ζ 0 generate the masses of the various hadrons. They are constrained by the pion and kaon decay constants:
the model regains the SU(3) symmetry. The parameters of the model are σ 0 , ζ 0 , χ 0 ,
Ten of these are determined by the SU(3) vacuum and the 18+8 hadron masses, three parameters, i.e., the vector coupling constant g N ω and g 4 plus the "gluon condensate" χ 0 are used to fit the saturation properties of nuclear matter. This yields two sets of parameters denoted as C1 and C2. These two parameters sets differ in the strange condensate ζ. 
The results do not depend on the KN sigma term. Σ KN is computed in the present model [19] .
A field shift to new variables, φ and ξ, is performed (σ = σ 0 − φ, ζ = ζ 0 − ξ) and χ = χ 0 is set (the variation of the gluon condensate in the nuclear medium is negligible [16] ). Then the following field equations of the scalar and vector mesons in static nuclear matter are obtained after some straightforward algebra
The effective-mass and -energy of the kaon K and the antikaonK are given by
Here the coupling strengths g N σ and g N ζ are given by
In principle, one can implement additional terms on the Lagrangian with more than one time derivate acting on the kaon field (i.e., the so-called off-shell terms), for example, ∼ T r(u µ u µB B). These terms are not included in the present work. However, C1, C2 and TM1 can reproduce the results of the relativistic G-matrix theory nearly perfectly up to the normal density. This explains why the description of finite nuclei is rather convincing in these effective models [20, 16] . At higher densities, the results of C1 and C2 are closer to the prediction of the Dirac-Brückner theory than TM1.
Both C1 and C2 follow the results of the G-matrix calculations closely up to four times normal density although the parameters have not been fitted to the results of Ref. [17] .
Therefore, the novel chiral SU(3) Lagrangian [16] yields reasonable results for dense matter ρ ≤ 4ρ 0 . These results provide a sound self-consistent basis for the investigation of kaon and antikaon properties in the nuclear medium. K first decreases with increasing density, but then it approaches saturation, consistent with the finding of the one-boson-exchange (OBE) model [5] . One can easily understand the different behavior of two models from Eqs. (2) and (14): In Eq. (2) the m * K depends linearly on ρ S (which is, in turn, approximately equal to ρ B ). In Eq. (14), the m * K is related to the scalar fields. To obtain the Dirac-Brückner results displayed in Fig. 1 , a highly non-linear relation between the φ, ξ and the ρ S is asked for, as can be seen from Eqs. (11) and (12) . Fig. 2(b) shows the saturation of the scalar fields at high densities. Consequently, the m * K saturates after ρ B ≈ 2ρ 0 , it never tends to zero. Neither kaon nor antikaon condensation occur in the chiral SU (3) the omega-kaon coupling, with the results of other models [1, 5] . This is done up to 3ρ 0 , where all these models should be least unreliable (than in the regime of extremely high densities). In additional, an "empirical" kaon dispersion relation [11] is also presented -it resulted from "fitting" the Kaos data [10] of K + and K − production in heavy-ion collisions by means of a relativistic transport model [22] by adjusting the real part of the kaon and antikaon optical potential, but ignoring the imaginary part (i.e., the in-medium scattering cross sections and hyperon resonances). It can be seen that without the ω − K coupling our model predicts a rather weak potential for the antikaon compared to the predictions of other models. After introducing the ω −K coupling, the calculated effective energies for kaon and antikaon are quite similar as obtained in the one-boson-exchange model [5] . The 
